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Quick summary...
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Flip-flop = edge triggered copy
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Flip-flop = edge triggered copy
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Timing: guarantees
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Goal: small skew
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The setup constraint
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The setup constraint

Toye . dr2x (3, 5)
(includes clk2Q)
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The hold constraint

Teye . dy2:(3,5)
(includes clk2Q)
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Clock distribution network
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Its skew

X Clock Tree Debugger : WC_dc
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New requirements

Guarantee skew among some clock outputs despite
faults
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Pulse Synchronization

In pulse synchronization, for each i € N, every
(correct) node v € V,, generates pulse i exactly
once.

Let p, ; denote the time when v generates the i-th E/
pulse. We require that there are S, Pyax, Pmin € R

satisfying

1. skew: sup  {|pv.i — Pwil} =S
1eN,u,weV,

2.per-1: inf{min p, ;41 — MaxX Py ;+ > Pu;
p iGN{UEVgpv’z—i_ Uevgpv,z} — 4 min

3. per-2: sup{maxpy ;11 — min p, i} < Ppax
’LEN ’UEVg ’UEVg



Lower bounds

Number of faults f. Then necessarily:

Global: n > 3f
Local: degree > 2f
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Pulse Synchronization

In pulse synchronization, for each i € N, every
(correct) node v € V,, generates pulse i exactly
once.

Let p, ; denote the time when v generates the i-th E/
pulse. We require that there are S, Pyax, Pmin € R

satisfying

1. skew: sup  {|pv.i — Pwil} =S
1eN,u,weV,

2.per-1: inf{min p, ;41 — MaxX Py ;+ > Pu;
p iGN{UEVgpv’z—i_ Uevgpv,z} — 4 min

3. per-2: sup{maxpy ;11 — min p, i} < Ppax
’LEN ’UEVg ’UEVg



Last time: ideas session
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ldea 1: only LW algorithm

no tree, only LW
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- fault tolerance?
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ldea 2: redundant trees

replicate the clock source, vote on output
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Fault tolerance

replicate the clock source, vote on output




Fault tolerance

replicate the clock source, vote on output
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Fault tolerance
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Skew
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Cost
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Depends on the environment
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Q: other solutions?



ldea 3: interlinked trees

median at each stage of the tree
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Skew

median at each stage of the tree




Skew

median at each stage of the tree




ldea 4: interlinked trees v2

median at each stage of the tree
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Ex 11.1

P(> 2 faults) =1 — P(< 1 faults) ~ 0.80
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P(> 100 faults) = 1 — P(< 99 faults) ~ 6.9 - 107 '°
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100 faults

global constraint (idea 1, LW):
P(> 100 faults) = 1 — P(< 99 faults) ~ 6.9 - 107 °

local constraints (idea 2, redundant trees):
P(correct) = P(< 1 faulty tree)

(p=001c=1-p)'"  +3c1-0?

c(4c® - 6c+3)~ 0490383

local constraints (idea 3, interlinked trees):
P(correct) = P(< 1 fault per triple)

(p=001,c=(1-p’+3(1-p)’p,c

¢! < 0.970635



